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Introduction 1
The burgeoning rate of diabetic and obesity patients is a serious apprehension in the 2 worldwide. About 346 million people worldwide are in the grip of diabetes whereas in India 3 69.2 million people are diabetic (WHO 2015) . The cane sugar is not recommended for 4 consumption to the diabetic and obesity patients. In these circumstances, stevia (Stevia 5 rebaudiana) has emerged to be a natural sweet gift for millions of diabetics as a sweet 6 quotient in their daily life. The stevia leaves contain sweet-tasting and low-calorie 7 diterpenoid steviol glycosides (SGs), which are nearly 300 times sweeter than sucrose 8 (Kinghorn 2002) . However, the performance of stevia in saline soil or plant irrigated with 9 saline water is not properly elucidated so far. The global extent of salt-affected land amounts 1 0 to about 1128 million ha (FAO 2008) . The term salt affected refers to the soils that are saline 1 1 or sodic, which is one of the major stress factors for agriculture in consequence of climate 1 2 change. Salinity stress alone adversely affects to the production in over 30% of irrigated 1 3 crops and 7% of dryland agriculture worldwide (Schroeder et al. 2013) . Development of 1 4 agrotechniques to elevate the salt-tolerance within plant or cultivation of salt-tolerant crops 1 5 may be an efficient approach for better utilization of salt-affected land to address the related 1 6
issues.
7
The restriction of plant growth in the saline soil is directly linked to osmotic potential of the For understanding spatial distribution of N, P, K + , calcium (Ca 2+ ), Na + and Clin different 1 3 5 plant parts, the dried leaf, stem and root samples were grounded in a grinder to pass through a 1 3 6 40 mesh screens. The total N content was estimated by micro-kjeldahl method after the 1 3 7 digestion of plant samples in concentrated sulphuric acid. For the estimation of other ions (P, 1 3 8 K + , Ca 2+ , and Na + ), the samples were digested with a mixture of concentrated nitric acid, 1 3 9 sulphuric acid and perchloric acid (9:4:1). The total P in leaf, stem and root samples was The growth, yield and biochemical data obtained from this investigation for consecutive 2 1 4 7 years were subjected to analysis of variance (ANOVA) with the help of Statistica 7 software 1 4 8 (Stat Soft Inc., Tulsa, Oklahoma, USA) for estimating the variance components of main 1 4 9 effects (salinity level and foliar application of KNO 3 ) and their reciprocal interactions effects. The least significant difference value was used to separate the treatment means when F-test 
Leaf, stem and root biomass yield
Averaged across the KNO 3 levels, yield (leaf, stem and root biomass) response to salinity 1 7 3 levels varied significantly (P ≤ 0.05) as salinity increased up to NaCl at 120 mM (Table 3) 1 7 4 during both growing seasons. Irrespective of KNO 3 application, the maximum dry leaf yield 1 7 5 of stevia (6.02 and 5.93 g plant -1 ) was found with the plant irrigated with low salinity water 1 7 6 (NaCl at 40 mM) but remained on par (P ≥ 0.05) with control. In 1 st season, the reductions in 1 7 7 dry leaf yield with high salinity level (NaCl at 120 mM) compared with control and low 1 7 8 salinity (NaCl at 40 mM) were 23.80 and 26.07 %, respectively. Irrespective of foliar 1 7 9 application of KNO 3 , plant irrigated with NaCl at 120 mM reduced root biomass significantly concentration increased up to at 5.0 g L -1 , thereafter decline trend was observed during both 1 8 4 growing seasons (Table 3) . The increases in dry leaf yield with KNO 3 at 5.0 g L −1 over water 1 8 5 spray as control were 26.59 and 33.04 % in 1 st and 2 nd years, respectively. stem yield and root biomass occurred in both seasons (Table 3) . At control (irrigated with 1 8 8 normal water) and low salinity level (NaCl at 40 mM), dry leaf, stem and root biomass 1 8 9 increased as concentration of KNO 3 increased from 0 to 5.0 g L -1 , while the reverse trend was 1 9 0 observed with further increases in KNO 3 concentration. However, at moderate salinity level 1 9 1 (NaCl at 80 mM), dry leaf yield was increased with corresponding increase in concentration 1 9 2 of KNO 3 up to 10.0 g L -1 (Table 3) . 
Chlorophyll (Chl) concentration in leaf
The photosynthetic pigments (Chl a , Chl b , total Chl a+b, and Chl a : Chl b ) in stevia leaf as Averaged over KNO 3 level, there were significant (P ≤ 0.05) differences among the salinity 1 9 7 levels in concentration of Chl a , Chl b , total, and Chl, during both years. The concentrations of 1 9 8 photosynthetic pigments were gradually decreased at higher salinity level, irrespective of 1 9 9 foliar spray. Averaged across the salinity levels, the effects of foliar application of KNO 3 on 2 0 0 Chl a , Chl b and total Chl content in leaves were significant (P ≤ 0.05) in both years. The Chl a 2 0 1 and total Chl contents in leaves were increased with the increasing concentration of KNO 3 up 2 0 2 to 5.0 g L -1 in both seasons (Fig. 1a, c) ..
0 3
The interaction effects between salinity levels and foliar application of KNO 3 on Chl a and 2 0 4 total Chl content in leaves were found significant (P ≤ 0.05) in both years (Table 4) . At low 2 0 5 salinity levels (control and NaCl at 40 mM), although total Chl contents were higher with 2 0 6 foliar application of KNO 3 at 5.0 g L -1 than in water spray control in 2 nd year, but these 2 0 7 differences were statistically insignificant (P ≥ 0.05). On the other hand, the foliar application compared with water spray control (Table 4 ) at higher salinity level (NaCl at 80 and 120 2 1 0 mM). Averaged over the KNO 3 levels, at 40 mM NaCl, total phenols (41.53 and 37.07 mg g −1 ) 2 1 3 content in leaves was 19.75 and 15.35 % higher than that of control (34.68 and 31.38 mg 2 1 4 g −1 ) in 1 st and 2 nd cropping seasons, respectively (Fig. 1e ). It has also been observed that a the plants subjected to NaCl at 120 mM compared with the plants treated with NaCl at 40 2 1 8 mM in 1 st and 2 nd cropping seasons, respectively. Averaged over salinity level, the maximum 2 1 9 value (48.29 mg g -1 ) was observed with KNO 3 at 5.0 g L -1 , which was 36.22 % higher than 2 2 0 control in 2016. In 2017, by increasing the concentration of KNO 3 from control to 7.5 g L -1 , 2 2 1 the concentration of total phenols was increased from 28.97 to 36.35 mg g −1 . As NaCl sharply decreased with KNO 3 at 10.0 g L -1 (Fig. 1f ). and proline content in stevia leaves were occurred in both years (Table 4 ). In 1 st season, total 2 3 0 phenols content was significantly increased with KNO 3 at 5.0 g L -1 compared with water level (NaCl at 80 mM), proline content was increased with the corresponding increase in 2 3 7 concentration of KNO 3 up to 7.5 g L -1 (Table 4 ). At harvest stage, ions (N, P, K + , Ca 2+ , Na + and Cl -) accumulation patterns in leaf, stem and 0.05) decreased from 19.18 and 14.37 mg g -1 to 17.36 and 11.8 mg g -1 at higher salinity level 2 4 3 (NaCl at 120 mM) in 2016 and 2017 cropping seasons, respectively ( Fig. 2a ). In root, level, the maximum K + contents in leaf (24.40 and 24.75 mg g -1 ), stem (25.04 and 23.74 mg 2 4 7 g -1 ), and root (19.22 and 21.02 mg g -1 ) were registered with the plants irrigated with low 2 4 8 salinity water (NaCl at 40 mM); however, sharply decreased with NaCl at 120 mM during mM) produced significant lower Reb-A (17.38 and 18.34 mg g -1 ) compared with non-salinity 2 8 2 treatment in both years (Fig.4b) . In case of TSGs yield (g plant -1 ), there was no significant (P 2 8 3 ≥ 0.05) difference between low saline (NaCl at 40 mM) water treated plants and non-saline 2 8 4
Accumulation of total phenols and proline in leaf
water treated plants in 1 st and 2 nd cropping season (Fig.4d ).
8 5
Averaged over salinity levels, there were no significant (P≤0.05) differences among the 2 8 6 KNO 3 levels for accumulation of stevioside in 1 st year. However, significant (P ≤ 0.05) 2 8 7 differences among the KNO 3 levels were observed in 2 nd year, and the maximum (39.58 mg 2 8 8 g -1 ) value was recorded with KNO 3 at 5.0 g L -1 (Fig.4b) . Irrespective of salinity levels, the 2 8 9 maximum quantity of Reb-A (24.75 and 24.80 mg g -1 ) was also recorded with KNO 3 at 5.0 g 2 9 0
L -1 , which was significantly (P ≤ 0.05) higher than control during both years. Significant (P≤ 2 9 1 0.05) variations in the TSGs yield (g plant −1 ) in response to different KNO 3 levels were found 2 9 2 during both years, and the maximum yield (0.52 and 0.49 g plant −1 ) was recorded with the 2 9 3 application of KNO 3 at 5.0 g L -1 (Fig. 4d ).
9 4
The interaction effects between salinity levels and foliar applications of KNO 3 on 2 9 5 accumulation of stevioside, Reb-A and TSGs and TSGs yield (g plant -1 ) were found to be other salinity levels, accumulation patterns of stevioside due to foliar application of KNO 3 3 0 0
were found to be irregular. 
Correlation, regression and principle component analysis
The statistical relationships among the agronomic traits (Plant height, number of branch, LA, 3 0 3 SLW, dry root, stem and leaf yield) were presented in a correlation matrix (Table S1 ). The data revealed that most of the agronomic traits were positively correlated with each other. The relationship of dry leaf yield of stevia with the concentration of KNO 3 was best The dry leaf yield was increased with the corresponding increase in concentration of KNO 3 3 1 0 up to 5.0 g L -1 , and thereafter trend was declined in both the years. and eleven chemical and biochemical parameters (total Chl, total phenols, proline, N, P, K + , 3 1 4
Ca 2+ , Na + , Cl -, K: Na, Ca: Na) of stevia to understand the interaction effects of treatment 3 1 5 combination on these traits and their relationship (Fig. 6 a-d) . The data revealed that the first 3 1 6 two principal components (PC 1 and PC 2 ) were cumulatively accounted for 80.32% and 80.07
% of the total variations for the 1 st and 2 nd year, respectively.
3 1 8
Another PCA was carried out on steviol glycosides (stevioside, Reb-A, Reb-F, Reb-C, SB, 3 1 9
TSGs) and biochemical traits (total Chl, total phenols, proline, N, P, K + , Ca 2+ , Na + , Cl -) to 3 2 0 study the relationships among them. The PCA showed that the 1 st and 2 nd component (PC 1 3 2 1 and PC 2 ) cumulatively explained 61.62% and 60.77% variations for 1 st and 2 nd cropping 3 2 2 years, respectively (Fig. 7 a-d) . The relationships among the variables (different steviol 3 2 3 glycosides and biochemical traits) were presented in the space of the first two components 3 2 4
(PC 1 and PC 2 ). During 1 st year Reb-F, Reb-C, proline, Na + and Clwere separated from rest 3 2 5 of variables by the PC 1 and placed in negative coordinate (Fig. 7a) . However, the PCA bi- There were significant (P ≤ 0.05) differences in the soil pH and EC in response to different 3 2 8 salinity levels in both the cropping seasons (Fig. S1) . he status of available P, K + , Ca 2+ , Na + 3 2 9
and Cl −1 ions in the soil after harvest were significantly (P≤0.05) affected by the salinity affected only in 2 nd cropping season (Table S2) . In salt-sensitive plant species, the growth inhibition is a common fact under saline conditions. The reduction in dry leaf yield with high salinity level (NaCl at 120 mM) was mainly due to stress, which damages membrane lipids, proteins and nucleic acids, and ultimately cell death toxicity, which ultimately reduced the total dry leaf biomass. It has also been reported that Millo 1992; Gómez-Cadenas et al. 1996 , 1998 Dodd 2005) .
3 5 8
The reduction of dry leaf biomass in the present experiment at high salinity stress (NaCl at 3 5 9 120 mM) can be due to the fact that the presence of higher concentration of NaCl in soils 3 6 0 reduces the uptake of potassium (K + ), calcium (Ca 2+ ), and nitrogen (Fig 2a,e,g ) . Restrictions In the present study, the yield attributes and dry leaf biomass production of S. Rebaudiana On the other hand, the rate of increase of dry leaf and stem yield with KNO 3 at 5.0 g L -1
3 7 4 might be to the due to availability of adequate amount of K + and its counter ion NO 3 − for probable explanation is higher accumulation of N in leaf, stem and root, which ultimately yield attributes and yield of stevia plant have also been reported by Pal et al. (2013 Pal et al. ( , 2015 .
The dry leaf yield did not show significant reduction under moderate salinity (NaCl at 80 Reduction of photosynthetic pigments at higher salinity, such as Chl a , Chl b and total Chl in 3 9 4 this experiment may be due to the accumulations of higher amount of Na + and Cl − in leaf, 3 9 5 which disrupts the ultra structure of chloroplast and breaks down the Chl. Under salinity 3 9 6 stress conditions, Chl degradation is happened due to enhanced activity of chlorophyllase 3 9 7 enzyme (Santos 2004). However, some researcher has explained that Cltoxicity is the Chloroplasts also exhibit high permeability for Cl - ( provides evidence that the photosynthetic pigments are not degraded at mild salinity level. It is well known fact that oxidative stress is occurred in salinity stress, mostly because of the 120 mM) compared with control ( Fig. 2e) . Maximum total phenols content with the foliar with high salinity (NaCl at 120 mM) water and non-saline water in both the years. The has the ability to do selective K + uptake under mild salinity level. Pooled across all salinity 4 5 8 environments, the accumulations of N, K + and Ca 2+ in leaf, stem and root were higher with 4 5 9
the foliar application of KNO 3 at 5.0 gL -1 . However, K + accumulation was declined at higher 4 6 0 concentration probably due to the destruction of ectodesmata structures (Marschner 1995). increased the K + accumulation to cope the adverse effect of salt stress.
6 4
Thus, it is concluded from the present investigation that the exogenous foliar application of accumulation, and antioxidant metabolism mechanism. Supplementary data 4 6 8 Table S1 . Correlation coefficient matrix for agronomic traits of stevia 4 6 9 Table S2 . Nutrients status in soil after harvest as influenced by salinity levels and foliar application of chlorophyll, (d) chl a/ chl b, (e) total phenols and (f) proline in stevia leaves under different salinity and KNO 3 levels. S 0 , S 1 , S 2 , and S 3 are representing salinity level (NaCl) of 0.0, 40, 80 and 120 mM, respectively, whereas as K 0 , K 1 , K 2 , K 3 , K 4 are representing the folia application of KNO 3 at 0.0, 2.5, 5.0, 7.5, and 10.0 g L -1 , respectively. Vertical bars represented the mean standard errors (±).
Fig. 2.
Effects of salinity level and exogenous application of KNO 3 on accumulation of total nitrogen (a, b) phosphorus (c, d), potassium (e, f), and calcium (g, h), in the leaf, stem and root of Stevia rebaudiana. S 0 , S 1 , S 2 , and S 3 represents as control, NaCl at 40, 80, and 120 mM, respectively. K 0 , K 1 , K 2 , K 3 , K 4 are representing the folia application of KNO 3 at 0.0, 2.5, 5.0, 7.5, and 10.0 g L -1 , respectively. The mean standard errors (±) are presented with vertical bars. Fig. 3 . Effects of salinity level and exogenous application of KNO 3 on accumulation of sodium (a, b) chlorine (c, d), K: Na (e, f), and Ca: Na (g, h), in the leaf, stem and root of Stevia rebaudiana. S 0 , S 1 , S 2 , and S 3 represents as control, NaCl at 40, 80, and 120 mM, respectively. K 0 , K 1 , K 2 , K 3 , K 4 are representing the foliar application of KNO 3 at 0.0, 2.5, 5.0, 7.5, and 10.0 g L -1 , respectively. The mean standard errors (±) are presented with vertical bars. Fig. 4 . Steviol glycosides accumulation (mg g -1 ) in leaf as influenced by salinity level and folia application of KNO 3 (a, b). Steviol glycosides yield are represented in g plant -1 (c,d). S 0 , S 1 , S 2 , and S 3 are representing salinity level (NaCl) of 0.0, 40, 80 and 120 mM, respectively, whereas as K 0 , K 1 , K 2 , K 3 , K 4 are representing the folia application of KNO 3 at 0.0, 2.5, 5.0, 7.5, and 10.0 g L -1 , respectively. The mean standard errors (±) are presented with vertical bars. (TP), proline (PL), N, P, K, Ca, Na, Cl, K: Na, Ca: Na] were conducted through Principal Component analysis (PCA). The first two factors (PC 1 and PC 2 ) mutually explained 80.32% and 80.07 % of the total variations for the 1 st and 2 nd year, respectively ( Fig. 6a-d) . The PCA bi-plots ( Fig. 6b and 6d ) represent the distributions of treatment combinations. The proline (PL), Na and Cl were placed in the positive coordinate of PC 1 in 1 st year (Fig. 6a) with loading values of 0.82, 0.78 and 0.77, respectively. Similarly, in second cropping season PL, Na, Ca and Cl were also separated by the PC 1 from rest of the agronomic traits and biochemical parameters, and placed in the positive coordinate of PC 1 and PC 2 (Fig. 6c) . The PCA bi-plot (Fig. 6b ) separated the treatments S 2 K 4 (NaCl at 80 mM with the foliar application of KNO 3 at 10.0 g L -1 ) and S 3 K 4 (NaCl at 120 mM with foliar application of KNO 3 at 10.0 g L -1 ) by PC 1 and PC 2, and placed in the positive coordinate of both PCs for 1 st season. However, no distinct group was formed in the PCA bi-plot (Fig. 6d) for 2 nd season. Fig. 7 . Principal Component analysis of secondary metabolites and biochemical traits. PC 1 and PC 2 jointly explains 61.62% and 60.77% of the total initial variability of the data in the 1 st (a, b) and 2 nd (c, d) cropping years, respectively (Fig. 7 a-d) . During 1st year Reb-F, Reb-C, proline, Na+ and Cl-were separated from rest of variables by the PC1 and placed in negative coordinate (Fig. 7a) . However, the PCA bi-plot (Fig. 7b ) did not categorize the treatment combinations in any define clusters. Only S 0 K 1 (irrigation with normal water X foliar application of KNO 3 at 2.5 g L -1 ) was separated by PC 1 and PC 2 , and situated in the positive coordinate of both PCs. Like 1st cropping season, Reb-F, Reb-C, proline, Na and Cl were again separated by the PC 1 and placed in the negative coordinate (Fig. 7c) for 2 nd year.
It was also revealed that the loading values three variables such as proline, Na and Cl were quite high with PC 1 . However, PCA bi-plot (Fig. 7d ) separated the treatment combinations into two broad distinct clusters by PC 1 . Non-salinity (control) and low salinity (NaCl at 40 mM) treatments in combination with all foliar spray treatments (total 10 treatment combinations) were separated by PC 1 and placed in positive coordinate (Fig. 7d) . In this group, two treatment combinations namely S 1 K 2 (NaCl at 40 mM X KNO 3 at 5.0 g L -1 ) and S 1 K 3 (NaCl at 40 mM x KNO 3 at 7.5 g L -1 ) were further separated from rest of the treatment combinations by both PCs, and placed in positive coordinate of both PCs. 
